course of HLH. We present a girl with EBV-induced HLH who had hemiparesis and hemi-meningitis on cerebral MRI.
Introduction
Childhood Epstein-Barr virus (EBV) infection has a large clinical spectrum, ranging from asymptomatic infections to life-threatening lymphoproliferative disease, Burkitt lymphoma, nasopharyngeal carcinoma, and B-cell lymphoma. Hemophagocytic lymphohistiocytosis (HLH) is a rare complication of EBV infection. Typical signs and symptoms include fever, hepatosplenomegaly, lymphadenopathy, rash, and neurological symptoms. Laboratory findings include cytopenia, hyperferritinemia, hypertriglyceridemia, hypofibrinogenemia, coagulation abnormalities, elevated transaminases, elevated cerebrospinal fluid (CSF) protein, and pleocytosis. [1, 2] It can result in multiple organ dysfunctions and a mortality rate of approximately 30%. [3] Although EBV-induced HLH carries a high mortality rate, with early diagnosis and treatment, the patient may completely recover. Central nervous system involvement may occur at presentation or during the
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antineutrophil cytoplasmic antibody were all negative and serum immunoglobulins levels were normal.
The cerebral MRI showed contrast-enhanced axial T1-weighted images with enhancement of meningeal surface in the right hemisphere that was consistent with right hemi-meningitis [ Figure 1 ]. The patient's electroencephalogram was normal. Vancomycin, cefotaxime, and acyclovir infusions were started. Acyclovir was stopped when CSF HSV Type 1 PCR became negative. On the fifth day of treatment, vancomycinrelated red-man syndrome developed, so the treatment was stopped. There were partial recurrent seizures on her left arm, which were controlled with an IV midazolam infusion and oral valproic acid treatment. Her antibiotic treatment stopped on the 14th day of treatment, and her examination was nearly normal; however, on the 15th day of admission, her fever and sedimentation increased again.
Her laboratory results showed severe neutropenia (absolute neutrophil count: 0.0/µl) and anemia [ Table 1 ]. Because the peripheral blood smear showed increased monocytes, and she also had hepatomegaly, bicytopenia with elevated serum lactate dehydrogenase and triglyceride levels, bone marrow aspiration (BMA) was performed. The BMA revealed a hypercellular marrow, without hemophagocytosis. Meropenem, amikacin, and amphotericin treatment were given. Hypermetabolic lymph nodes on the left cervical and bilateral axillar regions were shown on the positron emission tomography-computed tomography. Her symptoms and laboratory findings were strongly consistent with HLH; therefore BMA was repeated, and the smear showed an increased number of histiocytes with hemophagocytosis [ Figure 2 ]. In serologic examination, EBV VCA IgM became positive. The patient met the diagnostic criteria of HLH, and she recovered completely with steroid and intravenous immunoglobulin (IVIG) treatment.
Discussion
HLH occurs in two forms, primary and secondary. Primary HLH has a genetic etiology, and most patients with primary HLH develop the disease under one year of age, but it can also be developed in early adulthood. Secondary HLH has been associated with immunologic disorders, malignancies, or infectious diseases. Criteria for diagnosis of HLH include clinical, laboratory, and histopathological findings. A molecular diagnosis (Mutation of PRF1, UNC13D, Munc18-2, Rab27a, STX11, SH2D1A, BIRC4) or at least five of the following criteria should be satisfied for diagnosis: Fever, splenomegaly, cytopenia in at least two cell lines, hypertriglyceridemia and/ or hypofibrinogenemia, hemophagocytosis in tissue biopsy, low or absent NK-cell activity, elevated ferritin concentration >500 ng/dL, or elevated soluble CD25 (soluble IL-2 receptor) >2400 ng/dL.
[2] EBV-induced HLH can affect infants to young adults and occurs more commonly in Asian individuals and in patients with immunodeficiencies. Pathophysiology of EBV-induced HLH has not been fully elucidated, but cytokine-mediated activation of macrophages probably predisposes people to the development of HLH. Three mechanisms were proposed regarding the pathophysiology of EBV-induced HLH: a) The latent membrane protein 1 (LMP1) of the EBV regulates its own expression and the expression of human genes, and it was shown to up-regulate the tumor necrosis factor-α (TNF-α) resulting in macrophage activation; [4] b) EBV can infect B cells, triggering a polyclonal proliferation of cytotoxic T lymphocytes, which in turn stimulates histiocytes and macrophages, resulting in uncontrolled immune activation and hypercytokinemia; [5] c) EBV targets CD8 T cells and natural killer cells, which leads to rapid, uncontrolled proliferation and major release of high levels of IL-2, interferon, TNF-α, and IL-6, among other inflammatory cytokines, as a result of widespread lymphohistiocytic activation. [2, 3, 6] For HLH-2004, treatment includes an initial eight-week course, including etoposide, dexamethasone, intravenous immunoglobulin (IVIG), and cyclosporine, and selected patients with evidence of central nervous system (CNS) disease receive intrathecal therapy with methotrexate and prednisolone. [2] The initial treatment duration should be limited to eight weeks, and the patient's response should be evaluated at four and eight weeks. Patients may be treated first with corticosteroids/IVIG, but if the response is poor, it is recommended that the patient be promptly switched to an etoposide-containing regimen within four weeks of diagnosis. [3] Involvement of CNS was reported in different studies, occurring either at presentation or during the course of HLH. [7, 8] . Incidence of neurologic involvement of HLH was reported in 10% to 73% of cases. [7] [8] [9] HLH has variable clinical presentations and neuroimaging findings. Neurologic findings include irritability, seizures, cranial nerve palsies, ataxia, nystagmus, delayed psychomotor development, meningeal signs and evidence of increased intracranial pressure, neurologic symptoms including hypotonia or hypertonia, meningismus, seizures, coma with opisthotonic posture, and abnormal cardiac or respiratory rates. [7, 9] Abnormal neuroradiological findings in HLH correlate well with the clinical severity of clinical manifestations. The most frequent findings on CTs are hydrocephalus, dilated subdural spaces, edema, diffuse parenchymal atrophy, multiple hyperdense areas, and calcifications. MRIs show delayed myelination, parenchymal atrophy and diffuse white matter or patchy increased signal abnormalities, diffuse leptomeningeal and perivascular enhancement, enlargement of ventricles, and extra-axial fluid spaces. CSF examination generally reveals pleocytosis and elevated protein levels. [7, 9, 10, 11] Patients with EBV-HLH may develop primary CNS disease presenting as a CNS white matter disease, such as through spotty T2 high signals in the white matter of the brain on MRI that are similar to acute disseminated encephalomyelitis. [10, 11] EBV-induced HLH can be fatal, but spontaneous recoveries can be seen. Prognostic factors for EBV-induced HLH in children
are not yet well-described. A few parameters were previously identified that are associated with poor clinical outcome: Older age, hypoalbuminemia, EBV reactivation, hyperbilirubinemia, hyperferritinemia, and multidrug chemotherapy. [12, 13] Trottestam et al., also reported that hyperbilirubinemia, hyperferritinemia and CSF pleocytosis at onset, and persisting fever, anemia thrombocytopenia, and hyperferritinemia two weeks after the initiation of treatment were significantly associated with poor outcomes. [14] Our patient is 16 years old, and there is no history of recurrent/severe infectious diseases or any neurologic disease. She first presented with fever and neurologic signs (altered mental status, hemiparesis), and then splenomegaly, bicytopenia, hypertriglyceridemia/hypofibrinogenemia, hemophagocytosis on bone marrow, and seizures occurred. She met five criteria for HLH. Diagnosis of EBV infection was performed by serologic testing. She had hyperferritinemia at the time of diagnosis, which is a prognostic factor for poor clinical outcomes. Nevertheless, she completely recovered with IVIG and steroids. The most interesting features of our case were the MRI findings. Cerebral MRI showed unilateral contrast-enhanced axial T1-weighted images and enhancement of the meningeal surface at the right hemisphere, which is consistent with hemi-meningitis. Hemi-meningitis is an unusual disease, and the unilateral nature of the meningitis suggests a vascular etiology, such as Wegener granulomatosis. [15] To the best of our knowledge, this is the first case of EBV-HLH with hemi-meningitis without a vascular etiology.
In conclusion, EBV-associated HLH has a high mortality rate, and early diagnosis and treatment are important. HLH generally presents with typical sign and symptoms, but occasionally neurologic signs and symptoms can be primary. This is a single case, but we suggest that clinicians consider HLH when they determine unilateral meningitis on a brain MRI.
